Objective: To report selected dietary intake and vitamin status at baseline of volunteers participating in the ZENITH study and the correlation of vitamin status with zinc. Design: A multicentre prospective intervention study employing a randomised double-blind design. Setting: Clermont-Ferrand, Theix (France), Coleraine (Northern Ireland), Grenoble (France), Rome (Italy). Participants: In total, 387 healthy middle-aged (55-70 y) and older (70-87 y) men and women participated in the study. Methods: Dietary intake was assessed by means of a validated 4-d recall record. Fasting blood samples were simultaneously analysed for retinol and a-tocopherol by the HLPC method. Erythrocyte folates were measured by a competitive immunoassay with direct chemiluminescence detection on an automatised immunoanalyser. Results: In all centres, men had a significantly (Po0.0001) higher mean nutrient intake than women. Comparison between age-groups showed that older individuals had significantly lower intakes of macro-and selected micronutrients than middleaged subjects (Po0.0001). A high fat intake (from 36 to 40% of total energy) was observed in all examined groups. In relation to biochemical measures of vitamin status, all parameters were above their respective cut-off values for normality and, thus, none of the subjects had biochemical evidence of deficiency of these selected vitamins. A moderate correlation was found with plasma vitamin A and serum zinc (r ¼ 0.12, Po0.05) or red blood cell zinc (r ¼ 0.12, Po0.01) and with erythrocyte folates and red blood cell zinc (r ¼ 0.11, Po0.05). Conclusions: There were only moderate differences in the nutrient intake of the ZENITH study volunteers among the four European centres. Their biochemical status for retinol, a-tocopherol and folate appeared adequate.
Introduction
Mortality associated with contagious diseases has declined, which has lead, at least in part, to an increased life expectancy in the European region. The proportion of the population aged over 60 y has an estimated increase of about 30% (WHO, 2004) . Old age may represent a risk factor for malnutrition, as reduced energy requirements, social isolation and decreased income may cause deterioration of the quality of the diet. Moreover, age-related physiological deterioration increases the susceptibility to disease of senescence. Nutrition may play a vital role in affecting health status, in particular preventing risk of age-related diseases (Pirlich & Lochs, 2001; WHO/FAO, 2003; El-Kadiki & Sutton, 2005) . Epidemiological studies commonly demonstrate that elderly sectors of the population have higher rates of nutritional deficiency, in particular deficiencies of certain vitamins (Gardner et al, 1997; Elia et al, 2000; Akner & Floistrup, 2003; Chernoff, 2005) , which may affect health status. For example, chronic deficiency of various vitamins (vitamins A and E and folic acid) can influence the occurrence of some pathologies, such as cancer (Knekt et al, 1991; Mobarhan et al, 1991) , infectious diseases (Mitchell et al, 2003) and others conditions associated with ageing (Junqueira et al, 2004) . Several factors can contribute to vitamin status in the elderly. For example, it is known that zinc deficiency may be associated with altered vitamin metabolism (Smith et al, 1973; Milne et al, 1984; Hong et al, 2000; Dijkhuizen et al, 2004) . However, studies of the effects of zinc on vitamin status in the elderly are lacking.
The present study is an integral part of the European ZENITH study. The purpose of this work was to provide descriptive information on the intake and status of vitamin A, vitamin E and folate in the middle-aged and old-aged population in four European centres participating in the ZENITH study and to describe the correlation of vitamin status with zinc. In total, 387 volunteers (195 men and 192 women) , aged 55-87 y, participated in the study. The recruitment, screening and enrolment of these subjects together with information and ethical considerations are described in detail elsewhere in this supplement .
Subjects and methods

Subjects
Food intake
Food intake data were collected by dietitians or trained personnel using the 4-day recall-record method (2 week and 2 weekend days). The dietitians instructed participants individually on how to complete the records and advised them to choose typical days for reporting. Each participant was asked to record all the foods and drinks consumed, describing the foods and portion sizes in as much detail as possible. After the records were completed, the same dietitian followed up and rechecked every record entry with each participant, particularly about portion sizes and methods of preparation. Portion sizes were related on standard portion sizes using visual book reference standard of foods (SU.VI. MAX, 1994; DietoMetro, 1999) . Food consumption data were converted into energy, macro-and micronutrients by the relevant food composition tables for each country (Feinberg & Favier, 1987a , b, 1995 Souci et al, 1989 (France); Food Composition Tables, 2000 (Italy) ). For foods and nutrients not present in the food composition tables, these were attributed the compositions of similar foods derived from other databanks. Dietary adequacy was calculated comparing the nutrients with the European recommended dietary allowance (Commission of the European Communities, 1993).
Blood processing and biochemical status assessment Blood (1 ml) was collected by venipuncture into vacutainers containing either EDTA or heparin from overnight fasting. Blood was protected from exposure to light. An aliquot of whole blood EDTA (0.5 ml) was stored at À701 immediately until required for analysis of the erythrocyte (RBC) folate. Plasma was immediately separated by centrifugation and aliquots were stored at À701C until required for analysis for retinol and a-tocopherol.
Retinol and a-tocopherol analysis were performed centrally in Rome, while RBC-folate analyses were performed centrally in Grenoble for all ZENITH samples. All measurements were performed in duplicate. The determination of the plasma retinol and a-tocopherol concentrations was carried out by high performance liquid chromatography techniques (HPLC), as described elsewhere (Maiani et al, 1989) . In brief, plasma samples (200 ml) were deproteinised by the addition of ethanol, containing ascorbic acid (5 g/l), retinol-acetate and a-tocopheol-acetate (o1 mg/l) as an internal standard. The mixture was vortexed and then extracted twice with hexane containing butylated hydroxytoluene (0.1 g/l). The combined hexane layers were evaporated completely. The residues were reconstituted in 50 ml diethyl ether and 150 ml of mobile phase (methanol/ acetonitrile/tethrahydrofuran, 50:45:5 v/v/v) to bring the samples up to the original volume; 20 ml were injected by an auto sampler into a reversed-phase C18 column and eluted isocratically at a flow rate of 1 ml/min. The peaks were detected with a variable spectrophotometer (Perkin-Elmer L.C. 95; Norwalk, Connecticut, USA) connected to a personal computer (PE Nelson 1020, Perkin-Elmer; Norwalk, Connecticut, USA). RBC folates were measured by a competitive immunoassay with direct chemiluminescence detection on an automatised immunoanalyser (ADVIA Centaur s , Bayer Health Care Diagnostics, Cergy Pontoise, France). Only paramagnetic particles will be retained by a magnet and used for chemiluminescence detection. Folate concentration in the sample will be inversely proportional to the light produced by the acridinium ester. Whole blood quality controls (Whole blood Lyphocheck, Biorad) were used in each series of samples to check the reproducibility and accuracy of the determination.
The laboratory of the Human Nutrition Unit, Rome (Italy), participated in the international standards program 'Measurement quality assurance program for Fat Soluble Vitamins in human serum' of the National Institute of Standards and Technology (NIST, Gaithersburg, MD, USA). Precision was within 17s.d. of medians for retinol and tocopherol; accuracy was þ 1.78% and þ 1.96% (mean bias %), respectively, for retinol and tocopherol. For folate, CV intrarun (repeatability) was 7.2% for the value at 9 ng/ml, and CV inter-run (reproducibility) was 7.4% for the value at 14 ng/ml and 9.7% for the value at 4.8 ng/ml. The % of recovery (accuracy) was 97.2% (Bayer's data).
The normal threshold values which were applied in the present study were: retinol, Z0.70 mmol/l (Sauberlich et al, 1974; Maiani et al, 1993) ; a-tocopherol, Z11.6 mmol/l (Sauberlich et al, 1974) ; RBC folate, Z150 ng/ml for intraerythrocyte folates (Essama-Tjani et al, 2000) .
Statistical analysis
The data are expressed as means 7s.d. Correlation analysis was used to test associations between nutrient intake and biochemical parameters; two-way (sex Â centre) analysis of variance (ANOVA) followed by Tukey's HSD multiple rank test was used to assess differences between groups. Statistical analysis was performed using an SPSS s 9.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
The mean energy and selected nutrient intakes by study centre and sex are shown in Table 1 . The dietary data of the volunteers from North Ireland are not reported here as data analyses are still in progress. Analysis of variance (ANOVA) showed a significant effect for sex with men that have an intake of all nutrients significantly higher than women (for energy, macronutrients, alcohol and dietary fibre, Po0.0001; vitamin A and vitamin E, Po0.05; folate, Po0.001). Differences between centre (for energy, macronutrients, vitamins A and E, Po0.0001; dietary fibre and folate, Po0.001) were also observed. There were also significant interaction effects (sex Â centre) for energy and macronutrients.
A comparison between Grenoble (France) and Rome (Italy) (both centres sampled older individuals 470 y) indicates that subjects from Grenoble had lower intakes of energy (both sexes, Po0.001), total fats (only in women, Po0.001), carbohydrates (both sexes, Po0.001), dietary fibre (only in women, Po0.01) and vitamin E (both sexes, Po0.0001). A comparison between two French centres, Clermont-Ferrand and Grenoble, that sampled different age groups but with the same culture, showed that older individuals in Grenoble had significantly (Po0.001) lower intakes of energy and most nutrients than middle-aged subjects living in Clermont-Ferrand, except for protein and carbohydrates in women. When participants from Clermont-Ferrand were compared to the older individuals in Rome, folate intake (Po0.001) was found to be higher in the subjects from Clermont-Ferrand, while vitamin E intake was significantly (Po0.001) higher in volunteers from Rome, for both sexes. Other differences in some nutrient intakes were found especially in men (see Table 1 ). Differences in macronutrient intakes between sex and centres disappear when the intake of macronutrient is expressed as percentage of energy. A high fat intake (from 36 to 40% of total energy) was observed in all examined groups. The proportion of total energy derived from alcohol was significantly (Po0.0001) higher in males than in females (Clermont-Ferrand 6 vs 3%; Grenoble 9 vs 4%; Rome 7 vs 4%). Selected nutrient intakes expressed as nutrient density (i.e. the intake of nutrient per MJ of dietary energy) are shown in Table 2 . There were significant differences in protein (Po0.01) vitamin E (Po0.001), and folates (Po0.0001) between male and female subjects and significant differences in all selected nutrients, except carbohydrate, between centres.
The dietary adequacy of energy and selected nutrients and the prevalence of dietary risk of malnutrition for these nutrients, estimated as the proportion of subjects whose intakes were less than 67% of the European RDA, are shown in Table 3 . In middle-aged subjects, the mean dietary adequacy would appear to be slightly better for men than women: volunteers at dietary risk of energy inadequacy are 2% men and 15% women, whereas 8% men and 15% women failed to meet 67% of the European RDA for vitamin E. A substantial proportion of older volunteers living in Grenoble failed to meet 67% of the European RDA for vitamin E (26% men, 33% women) and energy (21% for both sexes). Protein and folate do not appear to be a problem. In general, Italian volunteers were the group who performed best in terms of dietary adequacy.
The biochemical status for vitamin A, vitamin E and folate are shown in Table 4 . Mean values for all indices are above their respective cut-off points for normality and, thus, none of the volunteers appeared to have deficiencies in either of the lipid-soluble vitamins and folate. A significant effect for gender (cholesterol, Po0.0001; vitamin A and ratio vitamin E/cholesterol Po0.01; RBC folate Po0.001) and centre (cholesterol, vitamin A and vitamin E Po0.001; ratio vitamin E/cholesterol Po0.01; RBC folate, Po0.0001) was observed. In all centres, plasma cholesterol levels, ratio Energy  103720  2  89721  15  81718  21  78716  21  93713  2  96713  0  Protein  162732  0  142733  0  138733  2  131726  0  134725  0  142722  0  Retinol  2577189  4  2507180  2  148760  11  157758  2  1917128  0  183756  0  Vitamin E 141779  8  118757  15  89737  26  91759  33  172741  0  154732  0  Folate  171748  2  156743  0  154744  2  131744  2  146747  0  133737  0   a Commission of the European Communities (1993).
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In the middle-aged population, no significant differences in vitamin status were observed between volunteers living in Clermont-Ferrand and those living in Coleraine except for total cholesterol (Po0.01) and a-tocopherol normalised for blood total cholesterol levels (Po0.01) in men, and for RBC folate (Po0.001) in women. In old age, comparison between Grenoble and Rome showed low plasma levels of vitamin A (Po0.01), vitamin E (Po0.05) and RBC-folates (Po0.001) in Italian women.
When the relationship between dietary intake and vitamin status was examined, only RBC folates appear to be moderately correlated with dietary folates (r ¼ 0.16, Po0.005; n ¼ 294, data not shown). No correlation was observed between zinc intake and vitamin status, while a moderate correlation was found with plasma vitamin A and serum zinc (r ¼ 0.12, Po0.05) or red blood cell zinc (r ¼ 0.12, Po0.01) and with erythrocyte folate and red blood cell zinc (r ¼ 0.11, Po0.05) (data not shown). Results for zinc intake and zinc status (serum zinc and red blood zinc) have been described elsewhere in this supplement .
Discussion
The purpose of this work was to provide descriptive baseline information on the intake and status of a select number of vitamins in middle-aged and older volunteers participating in the ZENITH study. The age distribution of the sample does not reflect the population, as recruitment was intentionally biased to obtain equal numbers of subjects in two age groups.
These preliminary and primarily descriptive analyses showed that there are only modest differences in the nutrient intake and nutritional status of middle-aged to older inhabitants of the three European regions. Evidence of inadequate dietary intakes was largely lacking, with the exception of old-aged subjects living in Grenoble that showed dietary inadequacy for total energy (about 20% of volunteers) and vitamin E (26% of men and 33% of women).
Overall within the whole group of subjects, the contribution of protein and fat to total energy intake was higher, while for carbohydrate it was lower than recommended (15% protein, 25-30% fat and 55-60% carbohydrate to total energy).
The biochemical indicators of vitamin status in the present work suggest that the circulating levels are in normal range and that deficiency was not evident in any of the subjects. The comparison between our data and the nutritional status of similarly aged Europeans (Euronut SENECA investigators, 1991; Maiani et al, 1992; Hallfrish et al, 1994; Haveman-Nies et al, 2001; Ferry et al, 2005) showed that our data are largely in agreement for energy intake, but different for vitamin intake and vitamin biochemical status: in fact, other studies showed inadequate vitamin A and folate intake and limiting vitamin nutritional status. The apparent contrast of our data with the literature could be explained with the special selection of the sample.
We have also evaluated how zinc status influences plasma vitamin A and erythrocyte folate. We found a moderate positive correlation between plasma vitamin A and serum zinc or red blood cell zinc and between erythrocyte folate and red blood cell zinc, suggesting the possible role of zinc in the metabolism of these vitamins. In fact, zinc is necessary for normal mobilisation of vitamin A from the liver and therefore to maintain the normal concentration of vitamin A in the plasma (Smith et al, 1973) . Marginal or low zinc status has been shown to decrease absorption of food folate because the brushborder membrane folate conjugase, responsible for cleaving folate prior to absorption, is zinc dependent (Milne et al, 1984) .
In conclusion, there are only modest differences in the nutrient intake and nutritional status of middle-aged to older inhabitants of the three European regions. Middle-aged and elderly subjects participating in the ZENITH study did Post hoc comparison (Tukey HSD procedure) values in the same row with similar superscript letters are significantly different. There were no significant sex Â centre interaction (two-way ANOVA) not show any vitamin deficiency; however, the results suggest that zinc can regulate vitamin status of these older populations, especially for vitamin A and erythrocyte folate.
